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AT FORWARD MACH NUMBERS TO 0.925

By James B. Delanoc and Francis G. Morgan, Jr.
SUMMARY

An investigation of the NACA 4-(3)(08)-03 two-blade propeller has
been made In the Langley 8-foot high-speed tunnel for blade angles
of 559, 60°, and 65° at Mach numbers up to 0.925.

Comparison of the force-test measurements obtained for the
NACA 4-(3)(08)-03 two-blade propeller with those previously obtained
for the NACA 4-(5)(08)-03 two-blade propeller indicates that the
differences in design 1ift coefficient were insufficient to produce
appreciable changes in maximum efficliency over the range of blade angle
and Mach nmumber investigated. A comparison of the two propellers made
at equal power absgorption indicates that the differences 1n design 1ift
coefficlent had little effect on the highest efficiencles reached.

INTRODUCTION

The effect of compressibility on the NACA 4-(5)(08)-03 two-blade
propeller was presented 1n reference 1 as the filrst part of a general
investigatlon to study the effects of compressibillty, design camber,
thickness ratlo, sweep, and dual rolation on the performance of
propellers operating at itransonic forward speeds. The second part of
this general investigation, the effect of design camber on propeller
performance, is presented herein.

This paper presents the force-test results for the NACA 4-(3)(08)-03
two-blade propeller at blade angles of 55°, 60°, and 65° for a renge of
forward Mach number from 0.43 to 0.925. In order to expedite publication
of the data, only a limited analysis comparlng these results with those
of reference 1 to determine the effect of design camber on propeller
performance at transonic speeds 1s Included in thls paper.

The present paper does not Include the effect of deslign camber
on propeller performance at low speeds. However, such information may
be obtalned from references 2 and 3. In the Invsestigation of reference 2
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the same propellers were tested, but propulsive data were obtained
because of the type of dynemometer then used. ILarge-scele plots of the
basic propeller characteristics (fig. 5) are available on request to the
RACA.

SYMBOLS

b blade width, feet
C14 blade mection design 1ift coefficlent
Cp power coefficient (P/pn3DD)
Crp thrust coefficient (T/pn?Dh)
D propeller dlameter, feet
/D blade width ratio
h meximum thickness of blade sectlon, feet
h/b blade thickness ratio

advance ratio (V,/nD)
M tunnel-datum (forward) Mach number (tunnel Mach number

uncorrected for tunnel-wall constraint)

M hellcal-tip Mach number (MV 1+ lz-)
J

n propeller rotational speed, revolutlons per second
P power, foot-pounds per second

dynamic pressure, pounds per square fool (pv2/2)

R propeller-tip radius, feet

r blede-sectlon radius, feet

T thrust, pounds

T, thrust disk-loading coefficient (T/2qD?)

v tunnel-detum velocity (tunnel veloclty uvncorrected for

tunnel-wall constraint), feet per second
ORI
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equivalent free-air velocity (tunnel-datum velocity

° corrected for tunnel-wall constrelnt), feet per second
x blade-section station (r/R)
B section blade angle, degrees
ﬁ0_75R section blade angle of 0.75 tip radius, degrees
1 efficiency (%) _
Mmax meximum efficlency
o] alr density, slugs per cubic foot

APPARATUS, METHODS, AND TESTS

The apparstus and methods described In reference 1 were used in
this investigation which was conducted in the Langley 8-foot high-
speed tunnel. A sketch of the 800-horsepower-dynamometer installation
In the tunnel 1s shown as figure 1.

The NACA %-(3)(08)-03 two-blade propeller used in this investigation
is the same one used in the investigation reported in references 2 and k.
It incorporates the NACA l16-series blade sections. The blade was
deosligned as a three-blade propeller o produce rinimum energy losses
(profile drag assumed equal to zero) at a blade angle of 450 at
the O.7-radius station and at an advance ratio of 2.1. The gaps between
the spimner end bledes were sealed for all operating condltions. Blade-
form curves are presented In figure 2 and are the same for both
the NACA %-(3)(08)-03 and 4-(5)(08)-03 propellers except for the higher
design 1ift coefficlents for the latter. A photograph of the blades
is shown as flgure 3. .

Thrust, torque, and rotatlional speed were measured throughout the
operating range of the propeller. For each tunnel Mach number, the
propeller wae run at flxed blade angles and the rotational speed was
varied. The range of blade angle covered for each forward Mach number is
glven in the followlng table:
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F
MC‘I’f_'n“z;%er, Blade azgle of 0.'(72-17111 radine, By, 7sR
M eg)
0.43 55 60 65
.60 55 65
.65 55 60 65
.70 55 60 65
N 55 60 65
.80 55 60 65
.85 55 60 65
.90 55 60 65
. 925 55 60 65

REDUCTION OF DATA

Propeller thrust.- Propeller thrust as used hereln l1s defined as
the shaft tension produced by the spinner-to-tip portion of the blades.
The method used In determining thrust tares and in evaluating the
propeller thrust 1s described in detail in reference 1.

Propeller torque.- Torque-tare corrections were found to be small and
dependent only on splmmer rotational speed. The indicated torqgue reading
was corrected for the spinner tare (& maximum of 1.2 foot-pounds at
6000 rpm).

Tunnel-well correctlons.- The force-teat data have been corrected
for the effect of tumnel-wall constraint on veloclty at the propeller
plane using the method described in reference 1. These results are
presented in figure 4 as the ratlo of free-alr velocity to the tunnel-
datum veloclty as a function of thrust dlsk-loading coeffilclent and
tunnel-datum Mach number.

Accuracy of results.- Analysis of the accuracy of the separate
measurements required to define fully the propeller characteristics
has indicated that errors in the results presented hereln are
probebly less then 1 percent. Repeat runs have confirmed this estlmmte.

RESULTS AND DISCUSSION

The basic propeller characterisilcs are presented in figure 5.
For each value of tummel-datum Mach number M +the propeller thrust and
power coefficlents and efficlency are plotted agalnst advance ratio.
The veriation of tip Mach number with advance ratioc l1s alsc included.
As used hereln, the tunnel-datum Mach number M 1s not corrected for
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tunnel-wall constraint. The free-ailr Mach pumber, however, can be
obtained by applying the tummel-wall corrections, presented In flgure L,
to the tumnel-datum Mach number. At the high Mach numbers, the tunnel-
wall correctlon is generally less than 1 perceant, but Iin the exact use

of the basic propeller characterlistics presented in figure 5 wherever
small changes in Mach number produce large changes in propeller character-
istics, the tunnel-datum Mach number should be corrected to free-air

Mach number.

Effect of forward Mach number on maximum efflcilency.- The
variation of maximm efficlency with forward Mach number 1s presented
in Pigure 6 for all the blade angles investigated. Similar results
(reference 1) for the NACA 4-(5)(08)-03 propeller ars shown for compaerison.
The maximum efficiency for the NACA 4-(3)(08)-03 propeller (low camber)
is, in gemeral, about 1 percent lower than for the NACA L-(5)(08)-03
propeller (medium camber) throughout the Mach number and blade-angle
ranges investigated. For all practlcal purposes, however, the efficlencles
are essentlally the same for both propellers; this fact indicates thet
the difference in design 1ift coefficient (design camber) for the range
of design 1ift coefficlent Investigated is too small to produce any
difference in maximum efficiency. It 1s belleved, however, that the
use of symmetrical or high-camber sectlons would produce marked changes
in efficlency from those reported herein. The effect of high-camber
sectlions on propeller performance 1ls diliscussed In references 2 and 3.

Comparison of the effects of camber on maximum efficlency as reported
in reference 2 wlth those reported herein shows lmportant differences
for a blade angle of 60° (0.75R) near the critical and &t supercritical
forward Mach numbers. These differences for & blade angle of 60° are
attributed to the accuracy of the earlier investigation. The results
presented herein confirm the effect of design camber on meximum
efficiency for subcritical operation presented in reference 2.

Effect of advance ratlo and forward Mach number on meximum
efficlency.- The variation of meximum efficiency wilith advance ratio
for the forward Mach numbers at which the propeller was lInvestigated
is shown in flgure T by the symbols. The solid lines represent
similaer data taken from reference 1 for the NACA 4-(5)(08)-03 propeller
for which more extenslve results are avallable. No important differences
in these results are Indicated for the two propellers.

Effect of power coefficlent om efficiency.- The variatlon of
efficlency with advance ratlc for constant values of power coefflcient
and forward Mach number is shown in figure 8 for both the NACA 4-(3)(08)-03
and 4-(5)(08)-03 propellers. In general, the highest efficiencies for
both propellers are essentiaslly the same for the range of power
coefficient and forward Mach number shown in figure 8, except at high
forward Mach numbers where the results indicate that the NACA 4-(5)(08)-03

Sl
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propeller may be 2 percent more efficlent than the NACA 4-(3)(08)-03
propelier. Since thls difference in efficlency may be due to experimental
accuracy, superiority of ome propeller over the other is not iIndicated.

A%t high advance ratios the NACA 4-(3)(08)-03 propeller is more efficlent
than the NACA 4-(5)(08)-03 propeller, especially at low values of power
coefficient. .

CONCIUDING REMARKS

Comparison of the force~-test measurements obtained for the
NACA 4-(3)(08)-03 two-blade propeller with those previously obtained
for the NACA 4-(5)(08)-03 two-blade propeller (NACA RM 19GO%a) indicates
that the differences 1in design 1lift coeffliclent were insufficient to
produce appreciable changes in maximum efficlency over the range of
blade angle and Mach number Investigated. A comparilson of the two
propellers made at equal power absorptlion indicates that the differences
in design 1ift coefficient had little effect on the highest efficiencies
reached.

Langley Aeronautlcal Iaboratory
Nationel Advisory Committee for Aeronautics
Langley Alr Force Bage, Va.
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Figure 3.— NACA 4—(3)(08)-03 propeller.
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